ABSTRACT
INTRODUCTION
Infection with extraintestinal pathogenic Escherichia coli (ExPEC) is an important public health problem worldwide. They are responsible for urinary tract, intra-abdominal and soft tissue infections, meningitis, pneumonia and osteomyelitis and are often associated with bacteremia. 1 The prevalence of multidrug-resistant ExPEC has increased progressively over the past few years, and infections with bacterial strains producing carbapenemases, AmpC beta lactamases and/or extended spectrum beta-lactamases are of particular concern. 2, 3 For several years carbapenemases were highly effective against bacteria that exhibited resistance to extended spectrum cephalosporins (e.g. Ceftazidime and Cefepime), including ESBL and AmpC producers. However, as carbapenemases began to emerge worldwide, the effectiveness of this last-line antibiotic class was challenged. 4 There is insufficient data regarding expression of ESBL, AmpC and metallo-β-lactamases (MBL) by E. coli strains causing extraintestinal infections in India. Hence, the present study was undertaken to find out the prevalence of ESBL, AmpC and MBL production among ExPEC isolates in a tertiary care hospital and to co-relate such infections with treatment and clinical outcome.
METHODS

Participants and clinical isolates:
The study was conducted during the period from August 2010 to January 2012, from patients of the tertiary care hospitals attached to Kasturba Medical College, Mangalore, India, after obtaining permission from the institutional ethical committee. Sample size was determined with 55% confidence level and 90% power according to earlier study.5 Three hundred strains of E. coli were isolated from specimen such as urine, blood, wound swab, pus, CSF, ascites fluid and intravascular devices from the study population. Study population included patients of all age groups whose clinical samples grew E. coli and excluded subjects who had received antimicrobial drugs during past one month, who had asymptomatic UTI, polymicrobial infections and those who were discharged without treatment. Details of antibiotics used and clinical outcome of patients were collected. Samples were processed immediately using standard procedures. Isolates were identified based on colony morphology on Blood agar, MacConkey's agar, Gram staining and by standard biochemical tests.5 Blood isolates were identified using automated biochemical system Vitek 2 (bioMerieux).
Antimicrobial susceptibility testing
Antibiotic susceptibility testing was done by the modified Kirby-Bauer disk diffusion method in accordance with CLSI guidelines. 6 The antibiotic disks (HiMedia, Mumbai, India) used were Ampicillin (10 µg), Piperacillin (10 µg), Piperacillin/Tazobactam (100/10 µg), Ceftriaxone (30 µg), Cefotaxime (30 µg), Ciprofloxacin (5 µg), Norfloxacin (10 µg), Amikacin (30 µg), Gentamicin (10 µg), Cotrimoxazole (1.25/23.75 µg), Cefoperazone + Sulbactam (75/30 µg), Imepenem (IPM; 10 µg), Meropenem (MRP; 10 µg) and Etrapenem (ETP; 10 µg).
Screening for ESBL production
Isolates which were resistant to third generation cephalosporins were tested for ESBL production by combination disk method using cefotaxime (30 µg), cefotaxime/clavulanic acid (10 µg), ceftazidime (30 µg) and ceftazidime/clavulanic acid (10 µg). A ≥5mm increase in diameter of inhibition zone of cephalosporin+clavulanate disc when compared to cephalosporin disc alone was interpreted as evidence of ESBL production. 
Detection of AmpC production
Isolates were tested for AmpC enzyme production by AmpC disk test. 7 Briefly, a suspension of ATCC E. coli 25922 standardized to 0.5 McFarland was inoculated on the surface of Mueller-Hinton agar (MHA) plate. A 30 µg cefoxitin disk were placed on the inoculated surface of the agar.
Detection of carbapenemase production
Plates of MHA were inoculated with standardized suspensions of the test strains. A sat of discs of IPM, MRP and ETP (10 µg each) were applied to the surface of the agar, plates were incubated overnight at 35°C aerobically, and diameters of zone of inhibition (≥23 mm indicated sensitivity, 20 to 22 mm indicated intermediate resistance and ≤19 mm indicated resistance) were recorded. Carbapenemase production was further confirmed by modified Hodge test (MHT).
6
Detection of metallo-β-lactamase producers
Identification of MBL activity was performed by two methods: a carbapenem-EDTA combined disk method and MBL E-test (HiMedia, India). 8 A known MBL producing isolate was used as positive control for all tests. Combined disk test: The IPM-EDTA combined disk method was performed as described previously.8 MBL E-test (IPM-EDTA E-test, HiMedia) was used to detect MBL production and MIC of 
Statistical analysis
Chi-square test was used to find association between ESBL, AmpC and carbapenemase producers. Analysis was performed using statistical package SPSS 17.0 (SPSS, USA).
RESULTS
A total 300 patients with extraintestinal E. coli infection were included in this study. These included 159 (53%) cases of UTI, 77 (25.6%) with bacteremia, 40 (13.3%) with wound infection, 19 (6.3%) with pneumonia, 3 (1%) intravascular device infection and 2 (0.6%) with meningitis (Table 1) . One hundred forty three patients were from medical unit, 44 from surgical, 43 from urology, 20 from oncology, 20 from gastroenterology, 13 from OBG, 12 from orthopedics and 5 from pediatrics units.
Demographic data of patients: Of the 300 patients, 163 (54%) were males and 137 (46%) were females with the age group of <1= 4 (1.3%), 1-18= 8 (2.6%), 18-44=71 (23.6%), 45-59=87 (29%) and >60=130 (43%). Majority were Community acquired infections, 267 (89%) and 33 (11%) were hospital acquired infections ( 
ESBL producers
Of the 300 E. coli isolates, 212 were confirmed ESBL producers by double disk diffusion assay, indicating a prevalence of 70.6% (212/300). Of these, 97 (46%) strains of ESBL producers were from medical wards ( Table 2 ).The clinical sites of isolation are summarized in table 1. For 185 patients the ESBL producing strains were isolated in the first 24 h after admission. The remaining patients presented with infection from 5 days up to 3 months after admission, suggesting that these were hospital acquired infections. The analysis of drug resistance pattern showed that all ESBL producers were more frequent co-resistance to other non-beta lactam classes of antibiotics ( AmpC producers: AmpC β lactamase production was observed in 95 (32%) isolates by the AmpC disk test. Sixteen (17%) isolates were pure AmpC producers whereas 79(83%) isolates were ESBL co-producers. Isolation wards, clinical sites, age group and drug resistance pattern to other non β lactam classes of antibiotics by the AmpC producing isolates are summarized in table 1. There is a significant difference (p<0.05) between ESBL and AmpC producers.
Carbapenemase producers
In this study, 29 (9.5%) isolates of E. coli were carbapenemase producers by disk diffusion test and modified Hodge test (Table 1 ). The isolates were further evaluated phenotypically for presence of metallo β-lactamase (MBL), using the metal chelating agent EDTA. Fifteen (5%) isolates were MBL positive by both combined disk tests and MBL Etest (Figure 1 ).
J Microbiol Infect Dis www.jmidonline.org Vol 3, No 4, December 2013
Imipenem resistance
Of the 300 strains of ExPEC, 18 were found to be resistant to Imipenem (MIC of > 16 µg/ml) as detected by the E-test (Table 3) . Eighty strains, which had MIC of 8 -16 µg/ml were found to demonstrate intermediate resistance to imipenem. It was observed that the hospital strains of E. coli showed significantly higher resistance (p<0.05) to imipenem than community acquired strains (Table 3) . 
Treatment & Outcome
The most widely prescribed antibiotics were β lactam + β lactamase inhibitors, cephalosporins, and carbapenems. Of our study population, maximum number of patients (67%) recovered with appropriate antibiotic treatment. Relapses and re-infections were seen in 18% patients and in 11% of patients the primary cause of death was ExPEC infection. 
DISCUSSION
Escherichia coli is emerging as an important cause of extraintestinal infections in our hospitals. The growing increase in the rate of antibiotic resistance of these isolates is a major cause of concern. β-lactams have been the mainstay of treatment for serious infections, the most active of these being carbapenems, which are advocated for use in treatment of infections caused by ESBL producing Enterobacteriaceae, particularly Escherichia coli and Klebsiella pneumoniae. 9 Pathogens that produce ESBL or AmpC β lactamases along with carbapenemases are particularly challenging for clinicians and are a major threat worldwide.
Results of our study have shown that extraintestinal infection with ESBL producing E. coli of hospitalized patients was 71% in our setting. Other studies from India have reported 50-70% prevalence of ESBL producing among E. coli. 5, 10 We found most of our urine isolates were ESBL producers which was common in all age groups. ESBL producing E. coli were isolated from infants also. However, ESBL isolates were more common in elderly patients and from Medical units. Several studies have also reported similar results. 11, 12 Previous studies have shown that ESBL producing organisms were frequently resistant to non β-lactam antibiotics such as fluoroquinolones, cotrimoxazole and aminoglycosides. 5, 13 In our study we found a high degree of resistance to multiple classes of antibiotics among ESBL producing isolates. Only carbapenem group of antibiotics were the most active (9.5% were resistant) among all antimicrobials tested.
In our study population, we found that 31.6% of isolates were AmpC producers. Other studies from India have reported a 30-50% prevalence rate of AmpC production among E. coli. 14, 15 Seventeen percent of these isolates were pure AmpC producers. Several studies have reported about 8-15% of the isolates were pure AmpC producers.
14,15 A study from Canada has shown that the highest number of AmpC producing isolates were from urine samples, from elderly patients (>60 years) and from medical care units which was similar to our findings. 16 Analysis of antibiograms for AmpC producing isolates revealed that 95% of strains were resistant to amoxicillin-clavulanic acid. In contrast, 43% of strains were resistant to piperacillin/tazobactam. For extended spectrum cephalosporins, 68% of strains were resistant to ceftazidime and 92.5% were resistant to cefotaxime. Several studies have shown that cephalosporin susceptibility screening of E. coli isolates with the initial purpose of ESBL identification resulted in selection for AmpC producing strains. 17, 18 On the basis of our results, we cannot recommend extended spectrum cephalosporins as screening parameters for AmpC, which is similar to other findings. 19 In our study, 7.5% of the ExPEC isolates were carbapenemase producers. Several studies from India have shown a prevalence rate of 8-10% of enterobacteriaceae isolates being carbapenemase producers. 20, 21 However although only 5% of our ExPEC isolates were positive for MBL activity, it is alarming as such infections may result in mortality or chronic persistence leading to repeated hospitalization.
The problem with MBL producing isolates is their unrivalled broad-spectrum resistance profile. These MBL positive strains are usually resistant to β-lactams, aminoglycosides and fluoroquinolones. However, they usually remain susceptible to polymyxins. No extended survey with a series of human infections with MBL positive isolates has been performed to determine optimal treatment. The only alternative may be the therapeutic administration of polymyxins, which has recently been shown to be efficient for treating multidrug-resistant gram negative bacilli. 22, 23 In any case, these molecules should not be used in mono-therapy and rapid determination of MICs of aminoglycosides may help to choose an aminoglycoside molecule that may have some activity. Clearly, in the absence of novel agents in the near future, the spread of MBL producers may lead to therapeutic dead ends.
In our study we found that β lactam + β lactamase inhibitor was considered the most reliable class of antibiotics for treatment of infections caused by ESBL producing ExPEC while for non ESBL producing ExPEC cephalosporins were the most prescribed antibiotics. However, for treatment of MBL producing ExPEC multiple groups of antibiotics was used.
We also found some of our patients improved with treatment of antibiotics, which were found to be resistant by the modified Kirby-Bauer disk diffusion method, and based on this finding, we recommend that for MDR isolates, MIC should be performed for higher antibiotics to reduce cost of treatment and to prevent morbidity.
Outcome of our study indicates that 67% of patients improved with proper antibiotic treatment whereas 18% patients developed relapse/re-infection and 11% of patients expired due to infection caused by multi-drug resistant E. coli. Mortality was significantly higher for patients with blood stream infection, which was comparable to previous studies. 24, 25 However, it is difficult to demonstrate attributable mortality solely to infection without proper study design and/or autopsy to provide evidence as some patients had other underlying conditions. In conclusion, microbiology laboratories must be able to detect resistant pathogens in a timely manner, especially those that are falsely susceptible in vitro to drugs that may be considered for therapy of infected patients. Microbiological excellence is needed more than ever, and ESBLs, AmpC β lactamases and carbapenemases production should be detect accurately. In addition, there should be good communication between the microbiologist and the health care worker to make better patient outcomes, facilitating effective infection control, reducing spread of resistant pathogens and helping hospitals to meet accreditation standards. This will help in the fight against multidrug resistance ExPEC and if corrective measures are not taken, in the absence of novel agents in the near future, the spread of MDR isolates may lead to therapeutic dead ends.
